The purpose of this study is to establish a method of quantifying the depth of the tendon, pushed by a contact head of a vibration device, during tendon vibration. The amplitude of vibration described in previous studies is not the observed amplitude during vibration. We propose the method in which we quantify the depth of the tendon pushed by a contact head of the vibration device during tendon vibration. We measure the displacement of the contact head during vibration by using a laser displacement sensor. Simultaneously we attach the acceleration pickup on the trunk of the contact head and record the acceleration. We calculate the displacement of the contact head during vibration, by integrating the recorded acceleration. We compared the displacement of the laser displacement sensor and the proposed method under three conditions and report the results.
Introduction
Previous studies have reported that vibrating the tendon of human limbs evokes the illusion of motion (Goodwin, McCloskey, & Matthews, 1972) . The illusion of motion is a kinesthetic sensation that is experienced without the actual movement. Tendon vibration produces a sensation of movement in the joints. This is expected to establish a new method of motor learning and rehabilitation, instead of the previous try-and-error method, because the process of sensorimotor transformation is unnecessary for motor learning. The practical technique to present the kinesthetic sensation by tendon vibration stimulation has not been established yet. It is important to determine the most effective method of stimulation. We are not able to control the illusion of motion evoked by vibrating the tendon of the limb because the details of perceptual characteristics such as reaction latency and duration time have not been clarified. There are two explanations to consider: the size of the vibration device and the validity of the method to quantify the stimulus. First, in previous studies researchers tried to clarify the details of the perceptual characteristic of the motion illusion using various vibration devices. Mostly large sized vibration generators designed for the conformance test of industrial products were used. Therefore, the body posture of the participants was restricted during tendon vibration. In addition, it is difficult for researchers to adjust the position of the contact head of the vibration generator to the stimulating points. Second, the representative stimulus conditions influence induction of the motion illusion, and the amounts of the motion illusion are the frequency and amplitude of vibration. Previous studies investigating vibration stimulation of the tendon consistently reported an optimal stimulation frequency for evoking the illusion of motion as being between 70 and 80 Hz (Naito, Ehrsson, Geyer, Zilles, & Roland, 1999) . In contrast to this, they previous researchers have not yet found the optimal stimulation amplitude to evoke the illusion of motion.
From the above, we propose a method of quantifying the depth of the contact head pushing the tendon by using the palm-sized vibration device. Some people used the laser displacement sensor to measure the displacement. Other researchers, who measure the vibration, usually use an acceleration pickup. They attach the acceleration pickup on the vibrator and record the acceleration. Double integration is used to obtain the displacement of vibration. In this study, we used the palm-sized vibration device to reduce the system, inducing the illusion of motion. The system grows in size due to the laser displacement sensor. Thus, we propose the method in which we quantify the depth of the tendon pushed by a contact head of the vibration device during tendon vibration. We verify the validity of the proposed method.
Method
We used the palm-sized vibration device (WaveMaker-Mobile, Asahi Seisakusho, Japan). The contact head is thinner than the trunk of the device. We vibrated at 70 Hz under no load. We measured the displacement of the contact head during vibration by applying a laser (LK-H150, Keyence, Japan) against the top of the contact surface at 1000 Hz. Simultaneously, we attached the acceleration pickup (PV-90B, Rion, Japan) to the side of the contact head and measured the acceleration at 1000 Hz through the vibration meter (VM-80, Rion). The multifunction I/O Device (USB-6000, National Instruments, USA) and LabVIEW 2014 (National Instruments) were used to record the voltage of the laser displacement sensor and the acceleration pickup. We recorded for 5 seconds, 5 seconds after beginning of the vibration. We calculated the displacement of the contact head during vibration by integrating the recorded acceleration. The displacement of the vibration can be expressed by the equation.
where x is the displacement, a is the acceleration, and f is the frequency. We compared the displacement with the laser displacement sensor and that with the proposed method under three conditions. All results were shown when the displacement of the laser displacement sensor was at maximum value (0-p: zero to peak). Table 1 shows the displacement with the laser displacement sensor and that with the proposed method under three conditions. The displacement with the laser displacement sensor (A) was 0.07 mm, and that with the proposed method (B) was 0.08 mm under condition 1. 
Results

Discussion
The aim of this study was to establish a method that quantifies the depth of the tendon, pushed by a contact head of a vibration device, during tendon vibration. We measured the displacement of the contact head during tendon vibration by using the laser displacement sensor and acceleration pickup, and compared results. As a result, we found that the appropriate filter should be applied to the raw acceleration value before the displacement of vibration is expressed. In addition, the amplitude of vibration described above was the amplitude measured under no load. However, whether it is equivalent to the amplitude of the product specification under no load or to the depth of the contact head pushing the tendon is questionable because load is applied when the contact head pushes the tendon. From the above-mentioned results, we will verify the proposed method in which the contact head pushes the tendon. Table 1 The displacement w i t h the laser displacement sensor (A) and that with the proposed method (B)
